Abstract: Energy, especially fossil fuels, plays an important role in ensuring economic growth and improving people's quality of life. Carbon dioxide emissions produced by fossil fuels is regarded as one of the main factors of global climate change. Although there are different opinions towards the issue of global warming, international communities have made substantial efforts in reducing national and global carbon dioxide emissions. However, low carbon development has been advocated by many countries as a new development model. Low carbon development is defined as utilizing less carbon to promote economic growth in the future. In our age of the increasing importance of climate change, low carbon development is a new form of sustainable development. The ultimate aim of low carbon development is to achieve environmental, economic and social sustainable development. In this context, country comparisons obtained by evaluation of low carbon development indicators are important. In this study, low carbon development levels of European Union countries and Turkey were evaluated by Grey Relational Analysis, which is a multiple criteria decision-making approach.
INTRODUCTION
Global warming has become one of the most fundamental issues of our time. According to Intergovernmental Panel on Climate Change (IPCC) the global warming has been increasing at an alarming pace in recent decades which is proved by scientific evidences [1] . According to the report released from IPCC, there is a 90% possibility that the increase in greenhouse gases emitted by the human's activities leads to global warming [2] . There has been a growing concern about global climate change especially resulting from energy-related carbon dioxide (CO2) emissions. While the countries keep their economic growth, they have begun to search new development ways to effectively reduce CO 2 emissions. One of these ways is Low Carbon Development (LCD) which has become a widely advocated one [3] . LCD is a new representation form of sustainable development in the era of climate change. In other words, it is an indispensable part of sustainable development. LCD is a form of development which aims to achieve a low carbon economy through a process of de-carbonization, while contributing to sustainable development and tackling climate change [4] .
Although the concept of LCD was accepted in Rio in 1992, the first step towards the European Union (EU) was taken in 2008. For this reason, it can be considered that the LCD is a new concept, so there is currently no internationally common definition of it [5] . Different organizations and people define it in different manners. The view 'using less carbon for growth' expressed in DFID's White Paper (2009) appears to be a common feature in what is implied by LCD [6] . According to this definition, low carbon growth promotes the consumption of products with less carbon and derivatives for growth [7] .
In this sense, it is understood that LCD is focused on green growth. For this reason, it can be thought that it is necessary to focus on the developed countries, which cause the global emissions to increase for LCD [8] .
As a new concept, it is important how to evaluate the LCD levels. To further promote the LCD, identifying effective measures and getting valuable experiences are important tasks. Therefore, how to accurately measure and reasonably evaluate the LCD level is the focus of LCD [2] .
Since LCD has received much attention worldwide, researchers and academicians have also attempted to evaluate performance of it and compare LCD levels of countries. In addition, studies have been conducted to support the identification of strategies for developed and developing countries, provinces and cities.
Phdungsilp [9] used the Long-Range Energy Alternatives Planning System (LEAP) model to simulate sixteen proposed scenarios for Bangkok's LCD from 2000 to 2025 in Thailand. It is found that the most significant way for energy savings was in the transport sector. Jia et. al. [10] , evaluated LCD levels of 47 countries. They suggested that energy conservation and emission reduction policy should be fixed as a longtime development strategy for every country. Qu and Liu [2] used DPSIR model to quantify the LCD levels of eight cities and five provinces in China. They found that the urbanization level and energy consumption elasticity coefficient were the main factors affecting the LCD levels.
Quantifying of LCD levels of countries, cities or regions is still a developing study area. The aim of this paper is to evaluate LCD levels of EU countries and Turkey in years 1997, 2002, 2007 and 2012 . In order to address the challenges of climate changes, the EU Council has endorsed greenhouse gas reduction, renewable energy and energy efficiency targets for 2030 [11] . This study was carried out in order to determine the position of Turkey, as a candidate country for EU, within the LCD levels of the EU countries.
METHODOLOGY 2.1 Entropy Method
The Entropy method, which is based on the objective judgments of the decision maker, states that the criterion depends on its own characteristics as well as on the subjective judgments of the decision maker.
Entropy is taken as a concept that the uncertainty within a system of knowledge that expresses the uncertainty which is a measure of probability. For information about an event, it is necessary to understand the uncertainties that have the event. In this regard, it is highly probable that the events they are known to contain no more information. On the contrary, events with a low probability of occurrence include more information. In this context, the concept of entropy is considered as a mathematical expression of the expected realization value of the different probabilities of an event. The concept of entropy, in terms of the theory of probability was defined as a measure of uncertainty in the information [12] . This concept proposed by Shannon [12] in 1948, then Wang and Lee [13] have developed a method for calculating the weights of criteria by using entropy method. Steps of Shannon's Entropy can be summarized as the following [14] .
Step 1: Regulation of evaluating matrix In rows of the evaluation matrix to calculate the desired evaluation index alternatives, while columns in the evaluation criteria that will be used in the evaluation of alternative (criteria) is located. Accordingly, decision matrix D is shown as follows:
In the evaluation matrix with m the number of alternatives, with n is the number of evaluation criteria are shown.
Step 2: Normalization of the evaluating matrix As criteria values in the evaluation matrix D are different from each other, the units of normalization are applied. The values of alternatives in order to normalize the following formulas are used, with regard to costs and benefits component.
According to the component of benefit to normalize as,
while the component of cost to normalize, there are
Thus, the normalized evaluation matrix can be shown as follows. 
Step 3: Calculation of entropy values of all indexes The value of f ij is computed via normalized decision matrix R as shown below: 
Then entropy value of the index j is calculated. According to Eq. (7) entropy weights show the importance level of useful information. Thus criteria having bigger entropy weights are considered as more important.
Grey Relational Analysis
Grey Relational Analysis (GRA) is a rating, classifying, ranking and decision making method based on the degree of influences between factors [15, 16] . It can be used for making selection between alternatives in cases where a number of criteria exist [17] . Additionally, it is preferable for grouping variables where sample size is small and there is not any information about sampling distribution. The degree of influence between criteria is named as grey relational degree. Differences between GRA and other MCDM methods arise from the usage of reference series. According to the reference series maximum, minimum or ideal values of relevant criterion can be considered [18] . Steps of GRA can be summarized as follows:
Step 1: Arranging data set and constructing decision matrix m factor series are determined for making comparison.
According to Eq. (8) alternatives are represented by x i and values of them with regard to each criterion are shown by x i (j). After obtaining m factor series decision matrix X is constructed as indicated below:
Decision matrix consists of m alternatives and n criteria.
Step 2: Constructing reference series and comparison matrix Reference serial used for making comparison between the factors of decision problem is shown as follows:
Reference serial can be determined in two ways with respect to GRA method. According to the first step there exists reference serial generated for possible values of ideal alternative under each criterion and factor series are ranked based on distances from reference serial. For the second step the most ideal values of criteria are used by handling specifications of each criteria. Reference serial is added to the first row of decision matrix with the purpose of constructing comparison matrix [19] . In this study second step is preferred for determining reference serial.
Step 3: Constructing normalization matrix Normalization process is required to make comparison between the series of data sets in cases where unit differentiation and wide range distribution exist. The concept of grey relational generation is used for this process in grey theory. Normalization is implemented by considering the effect of serial on objective function [20] . This affect can occur in three ways namely benefit cost and optimal condition.
Benefit condition: If higher serial values positive affect the objective function normalization is implemented according to Eq. (11): 
Optimum condition: Serial values are normalized based on the determined optimal values as shown below:
According to Eq. (13) determined optimal value represented by x 0b (j) assures the condition of max
Thus decision matrix is transformed into normalization matrix X * as indicated below:
Step 4: Establishing of absolute value 
This form can be indicated as follows: 
Step 5: Generating grey relational coefficient matrix The elements of grey relational coefficient matrix are computed by using Eq. (17): closed interval. Purpose of using this coefficient is to adjust the differences between 0i
∆ and max ∆ . Grey relational degree order thus does not change for each possible ζ value. It can be seen that separator coefficient ζ is generally considered as 0.5 in recent studies.
Step 6: Calculating grey relational degrees Grey relational degree which is a measure of geometrical similarity between x factor serial and * x 0 reference serial. Comprised series are same in cases where grey relational degree equals one. In other words similarity degree between factor and reference series can be obtained via grey relational degree [21] .
Grey relational degrees are calculated in two ways. Firstly in cases where criteria having the equal importance levels grey relational degrees are computed by using Eq. (18) .
In terms of Eq. (18) grey relational degree of i th serial is shown by 0i Γ . Secondly in cases where criteria have different importance levels. Grey relational degrees are computed by using Eq. (19) .
Within the context of Eq. (19) importance level of j th criterion can be symbolized by w i (j).
DATA AND ANALYSIS
In this study, 28 EU countries and Turkey were selected and nine low carbon development indicators were used. These indicators are: CO 2 emissions (C1), CO 2 emissions per capita (C2), energy intensity (C3), carbon intensity (C4), percentage of fossil fuel energy consumption (C5), percentage of renewable energy consumption (C6), percentage of forest area (C7), urbanization rate (C8) and human development index (C9). CO2 emissions indicator is referred to as regional carbon data arising from both human activities and natural processes. The second indicator is the amount per capita of CO 2 emissions. Energy intensity indicator shows how much energy is used to produce one unit of economic output. Carbon intensity is used to carbon dioxide amount per unit of economic output. Generally, the higher one of these four indicator is, the lower the regional LCD level is.
Percentage of fossil fuel energy consumption is the share of energy obtained from coal, oil, petroleum and natural gas products. The bigger indicator is, the lower the regional LCD level is.
Percentage of renewable energy consumption is the share of renewable energy in total energy consumption. It is a good indicator of carbon source's control level and usually the higher the percentage of renewable energy consumption is, the higher the regional LCD level is.
Percentage of forest area was used as an indicator of carbon dioxide absorption capacity. Usually, the bigger the percentage of forest area of a country is, the higher the LCD level of this country is.
Urbanization rate refers to the population shift from the village to the city. The bigger the urbanization rate of a certain country is, the higher the country's LCD level can be supposed to be [10] .
The HDI was created to emphasize that people and their capabilities should be the ultimate criteria for assessing the development of a country, not economic growth alone [10] .
In this study, Human Development Index (HDI) is used to measure as an integrated indicator of a certain country' development in education, health and income per capita. High level of HDI in a country results in people having higher education quality, healthier body and higher economic conditions.
The bigger the HDI of a certain country is, the higher the country's LCD level can be supposed to be [10] .
Some of these criteria have a negative effect on LCD level. This means that the regional LCD level is reducing when the corresponding indicator's value is increasing. These indicators are considered cost criteria.
The indicators having positive effects on LCD level means that the LCD level is increasing with the indicator's value increasing. These indicators are considered benefit criteria. The relationships of all these indicators with LCD level are shown in Tab. 1. The application steps of LCD levels of countries are demonstrated in Fig. 1 . It can be seen that the application steps of countries' LCD levels is an integrated process of the two methods: Entropy method and grey relational analysis. First step is to select LCD indicators/criteria. After building evaluation matrix of countries' LCD indicator values, then indicators' weights of the LCD level can be calculated by Entropy method. Then grey relational degrees are calculated for ranking countries' LCD levels.
Weights of LCD Indicators(Criteria)
In a multicriteria decision making, the weights attributed to the various criteria represent the importance of each criterion in the evaluation procedure and directly make effects on the ranking order of alternatives. Determining how to assign weights to the criteria is a very important part of this methodology. Indeed an arbitrary assignment of weights can highly influence the result of the analysis. In the literature, the methods for finding the weights are grouped into two classes: subjective and objective weights. The subjective methods, such as AHP (Analytic Hierarchy Process) and Delphi method, include the methods that determine the weights exclusively according to the judgements of the decision makers. The subjective choices of decision makers are based on their own knowledge and perception of the problem analyzed. On the other hand, the objective methods, such as entropy method and multiple objective programming, are based on mathematical computation using the data, unlike decision maker's judgements. The entropy can accurately reflect the utility value of indicator's information to determine the weights. The weights obtained by entropy have higher reliability and accuracy than by a subjective weighting method [22] .
In this study, entropy method is used to obtain weights of the criteria. For this purpose, firstly evaluating matrix which consists of LCD indicators' of each country is constructed. Countries take part in the rows of the matrix while indicators take part in its columns. Microsoft Excel is used for all the calculations. Calculations of entropy value for criteria C1 in year 1997 are given in Tab. 2. Analyses of other years have been made in similar way. The original data of C 1 for all countries are given in first column of Tab. 2. C 1 are the cost criteria so, the data is normalized by Eq. (3) . Normalized data is shown in second column in Tab. 2. fij value of each indicator is calculated by using Eq. (5). Then entropy value (e ij ) of each indicator is calculated by Eq. (6). Finally, entropy weight of each indicator is calculated by using Eq. (7).
All entropy weights of LCD indicators in analysed years are given in Tab. 3. The entropy weights of LCD indicators for analyzed years are shown in Fig. 2 . 
Grey Relational Degrees
In the grey relational analysis, reference series and comparison matrix were arranged for the LCD indicators of countries first. In the second step of GRA, reference serial is constructed. Calculations of grey relational degree for criteria C1 in year 1997 are given in Tab. 4. The original data of C1 for all countries are given in the first column of Tab.4. Reference serial is composed using Eq. (10) and reference value for criteria for the year 1997 is 2.255. It is shown in the first row in the comparison matrix.
Then, comparison matrix was normalized using Eq. (11) and (12) for benefit condition and cost condition. Calculations for reference serial and Later, grey relational coefficient matrix was generated. Grey relational coefficients are computed by using Eq. 
The calculations for other countries are given in the fourth column in Tab. 4 .
Finally in grey relational anaysis, grey relational degrees were calculated. Grey relational degree displays the similarity between the normalized decision matrix and the standard series. Similarity increases as the grey relational degree increases. The highest similarity gives the best alternative in the multicriteria decision making problem [23] . In case of having equal importance level of criteria, grey relational degrees were calculated by using Eq. (18), otherwise Eq. (19) was used. The grey relational degree of each country for the years analyzed is given in Tab. 5. As it can be seen from Tab. 5, first five countries that have the highest grey relational degree are Sweden, Finland, Latvia, Estonia and Austria in all analysed years. Poland has the lowest grey relational degree in these years. Turkey has been in the middle ranking for the first two years, but it has fallen in the last ranking for the last two years.
Findings and Discussion
It can be seen from Tab.5 that Sweden has always the highest value of LCD level and Poland has always the lowest value of LCD level in analysed years. Similarly, Finland, Latvia, Estonia and Austria have always values between 0.6 and 0.7, and they are in the same order in country rankings. In order to give clarity to the analysis, LCD levels of countries are distinguished in four groups. The LCD level of countries in the first group is under 0.5 and higher than 0.4. The second group has the 0.5-0.6 values of the LCD level and the third group consists of the countries that have 0.6-0.7 values of the LCD levels. Finally the fourth group only consists of Sweden which has the highest value of LCD level. The categorized map of different LCD levels of EU countries and Turkey is shown in Fig. 3 . These four countries namely, Sweden, Finland, Poland and Turkey, should be analysed and discussed in more detail because the first two have the highest value and Poland has the lowest value. Turkey's value has also declined over the years. It was in the middle of the ranking of countries in the first two years (1997 and 2002), but its value has declined to bottoms of the ranking in the last two years (2007 and 2012) .
In order to explain the reasons of the difference between these four countries, the original data of four countries is given in Tab. 6. It can be seen that the percentage of renewable energy consumption (C6) and percentage of forest area (C7) indicators of Sweden and Finland (first two countries) is evidently much higher than Poland and Turkey's one. Sweden and Finland use less fossil energy and more renewable energy than the latter two. This should be the first important cause of the difference.
It can be seen from Tab. 6 that forest coverage area of Sweden and Finland is much more than of Poland and Turkey. This should be the second important cause.
It can be found that the last two countries have evidently much more carbon dioxide emissions than the first two countries. This may be another important reason of the difference between the countries. In addition, percentage of fossil fuel energy consumption of the last two countries is also much higher than of the first two countries.
In the light of the above findings, some suggestions can be made about the low carbon development strategies of these countries. First of all, carbon dioxide emission reduction policy should be adjusted for a long term development strategy for every country, especially for Turkey and Poland. Another suggestion is that the percentage of fossil energy consumption should be reduced as much as possible in some countries, such as Turkey and Poland. In addition, percentage of renewable energy consumption should be increased as soon as possible. Also, the percentage of forest area should be developed for some countries, especially in Turkey.
CONCLUSION
LCD has attracted attention from countries and researchers in recent years. LCD is a new concept in the literature so that there is still not a common definition of it. Generally speaking, LCD is a new path of economic development aiming at reducing carbon dioxide emissions and achieving sustainable development.
In this study, it was aimed to determine the LCD levels of the countries. In the empirical analysis, 28 European Union countries and Turkey were chosen and 9 LCD indicators were selected as criteria.
Assessment of countries according to their LCD levels is a multiple criteria decision making problem. Multiple criteria decision making refers to making decisions in the presence of multiple, usually conflicting, criteria. In this paper, entropy method and grey relational analysis were used to determine LCD of countries. Firstly, entropy method was used to assign the weights of criteria. Entropy method is an objective weighting method which can be thought of as a measure of information content and it indicates how much can be learned from the data. Then the entropy values of criteria were used as importance weights in grey relational analysis.
According to the entropy method results, renewable energy consumption (C6) is found to be the most important Some essential suggestions are the following: Carbon dioxide emission reduction policy should be adjusted for a long term development strategy for every country, especially for Turkey and Poland. Another suggestion is that the percentage of fossil energy consumption should be reduced as much as possible in some countries, such as Turkey and Poland. In addition, percentage of renewable energy consumption should be increased as soon as possible. Also, the percentage of forest area should be developed for some countries, especially in Turkey.
For further research, other multiple criteria decision making methods can be used to evaluate LCD concept. In addition, other indicators may be used that are thought to influence LCD in the analysis.
